A 0.9 X 106 dalton EcoRI fragment of tobacco chloroplast DNA has been cloned in E. coli plasmid pMB9.
INTRODUCTION
The stable RNA species present in chloroplasts are known to be 23S, 16S and 5S rRNAs, and tRNAs (Whitfeld 1977) . In addition, 4.5S rRNA has recently been found in higher-plant chloroplasts (Dyer and Bowman 1976; Whitfeld et al. 1978) . The 4.5S rRNA is present in an amount equimolar to the 5S rRNA and is associated with the 50S ribosomal subunit.
Recently, we have constructed and characterized two recombinant plasmids which contain tobacco chloroplast ribosomal DNA; one plasmid, pTCP6, contains the 16S and 23S rRNA genes (Sugiura and Kusuda 1979) and another plasmid, pTCP243, contains the 16S, 23S, 4.5S and 5S rRNA genes (Takaiwa and Sugiura, 1980) . Using these plasmids, we have found that the order of the rRNA genes is 16S-23S-4.5S -5S and that the 4.5S and 5S rRNA genes are located in the 0.9 X 106 dalton EcoRI fragment. In order to analyze the fine structure and expression of the 4.5S and 5S RNA genes, we have cloned the 0.9 X 106 dalton EcoRI fragment using E. coli plasmid pMB9 as a vector.
MATERIALS AND METHODS

Restriction endonuclease
Pvu II was a gift of E. Soeda, EcoRI was purchased from Bethesda Research Labs, Hind III, Hpa I, and Hpa II were products of Miles Labs. Sma I, T4 DNA ligase and T4 polynucleotide kinase were prepared in our laboratory. A DNA and X174 RF-DNA were gifts of K. Shinozaki and M. Hayashi, respectively. Plasmid DNAs were prepared as described by Katz et al. (1973 and Sugiura 1980) . This recombinant plasmid pTCP243 consists of pMB9 and the four EcoRI fragments with molecular weights of 1.9 X 106, 2.8 X 106, 0.45 X 106 and 0.9 X 106 daltons in this order.
The 0.9 X 106 dalton EcoRI fragment contains the chloroplast 4.5S and 5S RNA genes.
pTCP243 DNA was digested with EcoRI and Hpa I. Hpa I cut it once on the pMB9 moiety of pTCP243 DNA and produces flash ends. This prevents self-closure of the linear pMB9 molecules in the digests during the reaction for cohesive-end ligation. The pTCP243 fragments were ligated to EcoRI-digested and phosphatase-treated pMB9 DNA. Dephosphorylation prevents self-circularization of pMB9 vector. Approximately 1400 tetracycline-resistant transf ormants were obtained from 0.2 pg each of the doner and the vector DNAs. Three hundreds transf ormants were screened for the presence of the 0.9 X 106 dalton EcoRI fragment by the colony hybridization.
Six clones hybridized with 32P-labeled 4.5S+5S RNAs but not with 32P-labeled 23S+16S RNAs were obtained. Recombinant DNAs isolated from the above clones were digested with EcoRI and the DNA fragments were electrophoresed on agarose gels. All six plasmids were found to contain 0.9 X 106 dalton fragments.
One of these recombinants, called pTC7, was used for further analyses.
pTC7 DNA was cleaved with Pvu II, Sma I, Hind III and EcoRI. These fragments were analyzed in an agarose gel along with Hind III A DNA and Hae III X174 RF-DNA fragments as molecular weight markers (Fig, 1A) . The DNA fragments in the gel was denatured, transferred to a nitrocellulose filter sheet and hybridized with 32P-labeled 4.5S + 5S RNAs (Fig. 1B) . Table 1 (Bolivar et al. 1977 ) and pTCP243 (Takaiwa and Sugiura 1980), a physical map of pTC7 was deduced ( Fig. 2A) . Pst I, Sst I, Xba I, Sla I, Bgl II, Kpn I did not cleave pTC7 DNA. Hpa I, Sal I and Bam HI cut once the pMB9 part of pTC7 DNA. In order to construct a Hpa II cleavage map of the 0.9 x 106 dalton fragment, the fragment was isolated, labeled with 32P at the 5'-ends and cut with Hind III. The resulting two fragments, 0.32 x 106 and 0.58 x 106 daltons, were separately digested partially with Hpa II in the presence of 1 pg/ml distamycin A. The partial digests were electrophoresed on 8% polyacrylamide gels and autoradiographed. From the molecular weights of the partial fragments listed in Table 2 , the Hpa II cleavage map was deduced and shown in Fig. 2B .
It is quite laborious and time-consuming to isolate pure chloroplast DNAs and rRNAs from plant leaves, especially from tobacco leaves. However, the recombinant 
